ABSTRACT Twenty eight patients with bronchial carcinoma were studied before pneumonectomy. Measurement of spirometric indices, static lung volumes, transfer factor (TLCO), and transfer coefficient (Kco) was undertaken before and four months after pneumonectomy. Fourteen of the patients also performed a symptom limited progressive exercise test on a cycle ergometer before and four months after pneumonectomy. All patients had standard xenon-133 ventilation and technetium-99m perfusion scans performed before operation. Eleven patients had krypton-81m ventilation scans in addition. Significant correlations were seen between changes in FEV1, TLCO and Kco and the preoperative function of the resected lung as determined by percentage preoperative perfusion to that lung (p < 0.001). There were mean decreases in FEV, of 22% and in vital capacity (VC) of 28-7% predicted. Estimation of postoperative FEV, from the preoperative values showed equally good agreement with measured postoperative values whether 99mTc perfusion or 8"mKr ventilation scans were used in the 11 patients in whom both scans were available. Significant correlations were seen between change in maximum exercise ventilation (VEmax) or maximum oxygen uptake (Vo2max) after pneumonectomy and percentage preoperative perfusion to the resected lung (p < 0O001). Estimation of postoperative maximum ventilation and maximum oxygen uptake from the postoperative values on the basis of 99mTc perfusion scans showed good agreement with observed values. Perfusion scans are useful in estimating not only the changes in spirometric indices that follow pneumonectomy for bronchial carcinoma but also changes in carbon monoxide transfer and exercise capacity.
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Estimation of likely postoperative lung function and exercise performance is implicit in the selection of patients for thoracic surgery. Problems are encountered particularly in patients who may require pneumonectomy for bronchial carcinoma and who have some degree of generalised airway obstruction. Preoperative spirometric measurements and a clinical assessment of exercise tolerance are the most frequently used guides, but quantitative prediction of postoperative function requires also an estimate of the functional contribution of the lung to be resected. This has been assessed by bronchospirometry,' 2 by unilateral occlusion of a main bronchus or of a pul-monary artery,3 by the lateral position test,4 and (most frequently and conveniently) by use of radioisotope scanning.59 Perfusion lung scans have been shown to be accurate in predicting postoperative FEV1, vital capacity (VC), functional residual capacity, and maximum voluntary ventilation.6 For estimation of postoperative ventilatory function ventilation scans might seem more appropriate, but the most commonly used isotope, xenon-133 (133Xe) has generally given results slightly less accurate than technetium (99mTc) perfusion scans.9 The short lived isotope krypton ("lmKr) has theoretical advantages over xenon'o and has been suggested as the most appropriate for use in the prediction of ventilatory function,"1 but it is not clear whether in this context krypton ventilation scans are superior to technetium perfusion scans.
Attempts have been made to estimate postoperative carbon monoxide transfer factor (TLCO) 286 but the relationships between estimated and measured values were less good than those for spirometric indices.6 Perhaps accurate prediction of exercise performance would be more important, but a previous attempt to estimate exercise capacity after pneumonectomy using quantitative perfusion scanning was unsuccessful.'2 We have studied a group of patients before and after pneumonectomy for bronchial carcinoma, (1) to assess the relative value of technetium perfusion and krypton ventilation scans; (2) to investigate the relationships of changes in TLCO and transfer coefficient (Kco) to preoperative measurements of lung function; and (3) to assess the value of lung scans in predicting postoperative exercise performance.
Methods
Twenty eight patients with bronchial carcinoma were studied before pneumonectomy. All were considered to have technically resectable tumours according to clinical, radiographic, and bronchoscopic criteria. There were 24 men and four women and all were current smokers or ex-smokers. xenon usually allow only a single view, but with krypton multiple views are easily obtainable. We have confirmed the suggestion of Lipscomb and Pride11 that krypton ventilation scans should give an accurate estimate of postoperative ventilatory function. In the 11 patients studied here, however, the accuracy was no greater than that of 99mTc perfusion scans, and the more widespread availability of the latter isotope weighs heavily in its favour. In the comparison of estimated and measured postoperative functional values previous authors6-9 23 have generally quoted only the correlation coefficient, which in this context is inadequate18 as it fails to give an estimate of the accuracy of the predicted value. In the present series of 28 patients we have plotted 95% confidence limits and confirmed that the method is sufficiently accurate to be of clinical value. We have found significant linear relationships between the postoperative changes in TLCO and Kco and the function of the resected lung as assessed by perfusion scanning. The relationships are, however, more complex than those for ventilatory group.bmj.com on April 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from 290 measurements. Although alveolar volume falls approximately in parallel with other lung volumes, the mean change in Kco is a rise, presumably because of an increase in the capillary blood volume of the remaining lung relative to its gas volume. To take the extreme case, if there is no preoperative blood flow to the lung to be resected clearly there can be no increase in flow to the healthy lung after operation, whereas in a patient with equal blood flow to the two lungs before operation there is potential for an increase of 100% in blood flow to the healthy lung after pneumonectomy. Unless preoperative perfusion is zero, total transfer factor therefore would be expected to fall after pneumonectomy relatively less than static lung volumes. Although some workers6 have attempted to estimate postoperative TLCO using equation 1, accurate prediction based on this relationship would not be expected and the values calculated would be likely to be less than those observed postoperatively, except in patients with unilaterally absent flow. After operation TLCO and Kco may, however, be estimated by using the empirical relationships established in the present study:
change in TLCO (% predicted) --0-4x -8-6 increase in Kco (% predicted) = 041x + 2-1 (where x is percentage perfusion of the lung to be resected).
PREDICTION OF POSTOPERATIVE EXERCISE PERFORMANCE
Our results showed that the preoperative perfusion scan is a good guide to the change in postoperative exercise tolerance (fig 5) We found a close relationship between changes in FEV1 and in exercise performance, suggesting that simple spirometric tests with a perfusion scan should suffice in the functional assessment of patients who may need to undergo pneumonectomy. The larger the perfusion defect of a lung affected by bronchial carcinoma, the less likely is the tumour to be technically resectable22 but, paradoxically, the smaller is the functional deficit after operation if successful resection can be performed.
